CONVERSION FACTORS AND SYMBOLS
Factors for converting English units to the International System of Units (SI) are given below to four significant figures. However, in the text the metric equivalents are shown only to the number of significant figures consistent with the values for the English units.
English
Multiply by Metric (SI) inches (in.) miles (mi) square miles (mi2 ) cubic feet per second (ft3/s) Mean annual discharge, in ftVs, for the 30-year reference period 1941 -70 (October 1940 through September 1970 . QA (PR) Mean annual discharge, in ftVs, for the period of record. Qmed(30) Median annual discharge, in ft3 /s, for the 30-year reference period 1941-70.
RA (30)
Mean annual runoff, in inches, for the 30-year reference period 1941-70.
INTRODUCTION
Mean annual runoff is the average flow of a stream during a par-NOTE. Throughout this report, years should be understood to mean water years (October 1 through September 30), the annual period for which gagingstation records are customarily published. 1 2 UPPER OHIO RIVER BASIN ticular period of years; its long-term value closely approximates the amount of streamflow potentially available for development. As such, it is a useful quantitative measure of an indispensable, renewable resource. Unlike a static mineral resource, runoff is always in a state of flux, varying principally in response to temporal and areal changes in precipitation and temperature. Climatically induced variations are influenced by the effects of topography, geology, vegetation, and, to a lesser degree, man's modification of the land.
The mean annual runoff of an area is a common and fundamental numeric, descriptive; element. Xeecled values are generally extrapolated from or referenced to published data for the period of record at some conveniently located gaging station; they may or may not include a specification of the period and the area of representation.
THE PROBLEM
Many streamflow records are available for the upper Ohio River basin, but their periods of record are largely noncoincident; furthermore, available information cannot always be applied readily to a particular site or area of interest. Existing maps showing patterns of runoff are too small in size and too large in runoff-value intervals to be of use except for determining gross estimates for large basins or areas.
The credibility of the quantification in all resource appraisals increases with the number of data values used in the assessment, until some point of diminishing return is reached in terms of the value of or necessity for the improved information. The irregular, cyclic occurrence of wet and dry years is such that a specific time frame is desirable when considering this dynamic resource. INTRODUCTION 3 drologic significance, as it is representative of recent experience but does not necessarily occupy a significant position in some climatic cycle.
AREA OF INTEREST AND LIMITS OF DEFINITION
The initial area of interest for definition of mean-runoff character - UPPER OHIO RIVER BASIN istics was the Greater Pittsburgh region' for present purposes defined as including the six southwestern Pennsylvania counties of Allegheny, Armstrong, Beaver. Butler, Washington, and Westmoreland an area of about 4.500 mi-(11,650 km 2 ). See figure 1. The principal rivers of this region are Allegheny, Kiskiminetas, Monongahela, Youghiogheny, Beaver, and Ohio. All of these rivers have been gaged at sites within the region for many years, and documentation of the varying quantity of water available in these major arteries has been beneficial in innumerable ways. However, these large rivers are exlraregional in origin, and their records do not define the pattern of runoff originating within the Greater Pittsburgh region. Continuous daily discharge records of streams whose drainage are wholly within the region have been collected at 14 gage sites, half of which are no longer in operation or which have been established in recent 3^ears.
Improved definition of runoff in the Greater Pittsburgh region can be achieved by using streamflow records for contiguous areas in the dala analysis. To this end. the upper Ohio River basin was adopted as the study area. The upper Ohio River basin referred to here includes all of the, basin area upstream from the Muskingum River basin in Ohio and the Little Kanawha River basin in West Virginia. This area is shown also in figure 1. This part of the Ohio River system comprises an area of about 27,300 mi 2 (70,700 km 2 ) in parts of Maryland, New York, Ohio, Pennsylvania, and West Virginia.
The extension of the study area was considerably greater than that required for examination of the six-county region. However, the map and data are expected to be useful for other studies. The extended study area approximates the area of responsibility of the Pittsburgh District, U.S. Army Corps of Engineers; and the Pittsburgh River Forecast Center, National Weather Service. The distribution of drainage areas among the several states and principal subbasins is as follows: These reports should be consulted to obtain detailed information about the gaging stations for which data have been used in this study. Such information includes location, drainage area, period of record, type and history of gages, extremes of discharge, general remarks, and notations of revisions of previously published records.
Additional records of stage and (or) discharge are collected by the U.S. Army Corps of Engineers and by the National Weather Service at a few sites in the region. These unpublished records were not obtained for the study, because most document the discharge of principal streams at points intermediate to those published in the reports noted above. Most of these record sites have been catalogued by the U.S. Geological Survey, Office of Water Data Coordination (1973) .
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COMPUTATIONS AND ANALYSIS LONG-TERM STATIONS
A few gaging stations in the upper Ohio region have been maintained continuously since the early 1900's. However, the 1030's and 1940's were periods of considerable expansion in the stream-gaging program here, as well as nationwide. Many of the stations established during that time are still in operation, because of the varied and continued use of the data. The resultant data accumulations are the primary source of information for preparation of the map of mean annual runoff for the 1041-70 reference period.
A sample compilation of annual discharge data for one station, taken from the reports previously listed, is shown in figure 2. Mean and median annual discharges for the 30-year reference period were computed from these data. The results of similar computations for 08 long-term stations are listed in table 1. To complete computations for the reference period, the mean annual discharge was divided by (he drainage area above the gaging station (column headed QA (3Q) (ftVs)/mi 2 ), and that unit discharge was multiplied by the factor 13.583* to obtain the equivalent runoff (7^30) in inches. The summary of station information in table 1 includes drainage area, period of record, and mean annual discharge for that period.
The natural flow regimen of many streams has been altered by construction and operation of storage reservoirs and by diversion of water for various purposes. The six principal rivers in the Greater Pittsburgh region, as well as many tributaries throughout the upper Ohio River basin, are so altered. Reservoir operations usually follow an annual cycle such that year-to-year difference in year-end storages Derivation of this factor is shown on the explanation for table 2. (30) from (03029500) Reference-period data were complete for 80 of the 98 listed stations. The remainder had records beginning in the 1940's or were discontinued prior to 1970 after a long period of operation. Annual discharges for the missing years were estimated from logarithmic regressions with concurrent annual data from nearby stations. The estimated periods, most of which were less than 5 years, are noted in station remarks.
COMPUTATIONS AND ANALYSIS
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The long-term stations are identified on plate 1. Detailed location descriptions are in the reports previously listed in the section on "Sources of Data." For illustrative convenience and for conformation with a subbasion designation system adopted by the Commonwealth of Pennsylvania, subdivisions of the Allegheny River basin are shown on plate 1 and limits of the Pennsylvania subbasins are noted.
Parts of plate 1 of Water-Supply Paper 1907 were used, after some modification, as the base for location of gaging stations. A few erroneously drawn stream segments and mislocated station symbols were corrected, and some station symbols were added. The map scale of 1:1,000,000 appears to be appropriate in relation to the density of data available for analysis.
Many of the larger streams of the area are gaged at two or more sites. The primary data selected for map preparation were the runoff values calculated for the gaged sites farthest upstream. A total of 53 of the 98 long-term records met this requirement. Because the basins represented occupy 40 percent of the study area, this data base was considered more than adequate for defining lines of equal annual runoff.
Data summaries for the remaining 45 long-term stations provided a secondary data base. After subtracting the flow at one or more upstream stations from that at a downstream station, runoff for intervening areas was computed. These data are subject to considerable error because they commonly represent a difference between comparatively large quantities that inherently are subject to some errors of measurement; consequently, they were not included in this report. However, the information was useful in developing or confirming the runoff patterns in ungaged tributary areas, particularly in the mainstream valleys.
SHORT-TERM STATIONS
Streamflow records have been collected at many sites for relatively short periods where stations are no longer operated. Many other stations have been established relatively recently. Records for a total of 83 such stations were used in this study. They are identified on plate 1 and are considered to be a tertiary data source. Because many of these records are for gages on small drainages, they are useful in defining the areal variation in runoff within the long-term-staiion basins, most of which are of comparatively large areas. A few records of significant length, not coincident with the present reference period, were analysed in the same manner as short-term stations.
Runoff values for the period of record at the short-term stations were adjusted to represent the 1941-70 reference period by means of a factor expressing the ratio of reference-period discharge to shortterm-period discharge at a nearby long-term station. The computation procedure is detailed at the head of table 2, which shows the summary results of calculations for the 83 short-term stations. This adjustment to the 30-year reference period should not be confused with the adjustment for storage or diversion described earlier.
A few intervening-area runoff computations were made from the adjusted short-term-station data or from a combination of long-and short-term data. Including those mentioned previously, a total of 48 such computations were made, providing supplemental information for a total area of about 11,700 mi 2 (30,300 km 2 ), or 43 percent of the upper Ohio River basin.
DATA DISTRIBUTION
A summary of the numbers of available records by drainage-area category and by major subbasins of the study area is given in the following table: Considering only those records for stations having drainage areas of less than 500 mi 2, the overall data density is 1 record per 194 mi 2 (502km 2).
Distribution of records

PREPARATION OF THE MAP
Plate 1 shows the mean annual runoff for the upper Ohio River basin for the 30-year reference period, 1941-70.
The base for plate 1 is a part of the station-location map base used in U.S. Geological Survey Water-Supply Paper 1907.
Three overlays to this base map were prepared showing areas of: 1. Drainage basins above long-term, upstream gaged sites. 2. Intervening drainage between gaged sites. 3. Drainage basins above short-term gaged sites. Values of average runoff for the reference period were entered near the centroid of the described basins. Three overlays were used so that different weights could be given, subjectively, to the three data sources while drawing the lines of equal runoff. The objective was to draw the lines so that the average runoff in each basin or inter- vening area would conform to the plotted value. Full weight was given to data for the long-term sites. In some cases, little or no weight could be given to anomalous values for intervening areas or for runoff estimates for very short-term stations. These amounted to about 25 percent of the data points of these two source classes.
Major topographic features of the region were given some weight in shaping the general pattern of runoff interpreted from the plotted 22 UPPER OHIO RIVER BASIN values. Runoff patterns are tenuously denned at the boundary of the upper Ohio River basin, because records beyond that boundary were not used in the analysis.
A map of a dynamic resource is subject to revision. The present map for the 1941-70 reference period should be expected to be different in detail, if not in general pattern, from maps for earlier reference periods, such as 1921-45 (Langbein and others, 1949 ) or 1931 -60 (Busby, 1966 . However, the present definition did not exist for earlier periods when significantly fewer long-term records were available for analysis. Mean annual runoff for the 1941-70 reference period, as defined by plate 1, conforms to recorded or computed runoff data within 1 inch (25 mm) at more than 80 percent of the data points used.
This map is considered a preliminary version owing to the fact that it is subject to modification when additional factors are considered. A more detailed method of analysis was used by Rantz (1974) in constructing a map of mean annual runoff in the San Francisco Bay region.
MEAN ANNUAL RUNOFF UPPER OHIO RIVER BASIN
The distribution of runoff depicted on plate 1 is primarily a function of the pattern of long-term precipitation distribution, although that is but one of several influential factors. The effects of climate, geology, topography, size of area, and vegetation were discussed by Langbein and others (1949) in a report accompanying a map of annual runoff in the United States for the 1921-45 reference period. Langbein's map was updated by Busby (1966) to the reference period 1931-60.
The combined effects of topography and prevailing storm direction are evident in the runoff gradients found along the southeastern side of the basin, which includes the upper reaches of the Kiskiminclas. Ymighioghony. ("heal, and Tygart Rivers. Here both the mean and variability of annual runoff are at their regional maxima. Mean annual runoff exceeds 32 inches (810 mm) in parts of the upper Cheat River basin, but it decreases to about 18 inches (460 mm) in lower tributary basins.
The effects of topography are reflected also by a gradual increase in mean annual runoff in a northeastward direction across the north-west side of the basin. From a regional minimum of less than 12 inches (300 mm) in an area extending from the northern West Virginia panhandle to the headwaters of the Mahoning River basin, runoff increases in a northeasterly direction, to about 25 inches (630 mm) across the upper Allegheny River basin from French Creek to East Branch Clarion River. The character of bedrock and regolith changes also in this direction; the changes in properties may have a significant bearing on the distribution of runoff.
Mean annual runoff at sites on the larger rivers can be determined best bt y reference to data in table 1 if the site or reach wliere information is required is reasonably close to a gage location. If interpolation or extrapolation is required, appropriate weighted allowance must be made for the effect of intervening areas where runoff may differ markedly from that of the basin upstream. For example, mean annual runoff at the mouth of the Allegheny River at Pittsburgh might be estimated at about 0.2 inch (5 mm) less than that at Natrona (22.4 inches, 569 mm) on the basis of about 16 inches (410 mm) of runoff produced from 338 mi 2 (875 km 2 ) of tributary area downstream from Natrona.
The cumulative and progressive effect of changes caused by the relative influence of tributary runoff is illustrated in figure 3 , which shows an average annual runoff at successive long-term gaged sites on the Allegheny and Monongahela Rivers.
To estimate the mean annual runoff from smaller rivers or streams, sketch the basin in question on plate 1. If coincident long-term runoff data are available, use the information from table 1, modified as described above for disparity in areas between the gaged basin and the basin in question. If short-term runoff data or no information are available for a basin of interest, sketch the basin on plate 1 and approximate the runoff value by areal weighting with respect to the lines of equal mean annual runoff.
County boundaries or geographic locations can be sketched on plate 1 by light-table transfer of that information from the 1:1,000,-000 version of the U.S. Geological Survey state base map.
An estimate of the annual runoff for a particular geographic area, when determined from a generalized map such as that presented in plate 1, should not be used with greater precision than the nearest inch (25 mm). The nearest 2 inches (50 mm) probably is a more realistic limit in the southeastern part of the basin, where areal variability is greatest. As will be shown later, the runoff during individual years in any long period for which a mean is determined may range from as little as 30 percent of the mean to as much as 200 percent of the mean. 
GREATER PITTSBURGH REGION
Within the confines of the six-county Greater Pittsburgh region, mean annual runoff for the 1941-70 reference period ranges from a low of about 12 inches (300 mm) in northwestern Washington County, to a high of about 25 inches (630 mm) along Laurel Hill, on the eastern boundary of Westmoreland County.
County runoff approximations derived from plate 1 are as follows: Runoff from the Greater Pittsburgh region averages IT inches (430 mm) annually and is produced by an average annual precipitation of about ;>9 inches (990 mm). The latter value is an arithmetic average of normal (19-11-70 average) annual precipitation for 22 stations in or immediately adjacent to the Greater Pittsburgh region as computed from data reported by the Xational Oceanic and Atmospheric Administration (1975) .
The runoff produced within the region, on the average is considerably less than that available to the region, which enters by way of the Monongahela. Youghiogheny, Conemaugh. Clarion, Allegheny, and Beaver Rivers, and other smaller extraregional tributaries. Mean annual runoff of the Monongahola River at Braddock (11 miles upstream from the mouth) is calculated as 22.12 inches (5G2 mm, table 1). whereas the mean annual runoff of small streams in the vicinity of the gage site (as shown on plate 1) is only 15 to 16 inches (380 to 410mm).
Comparison of runoff estimates for the Greater Pittsburgh region to mean annual precipitation for the 1941-70 reference period, suggests that mean annual evapotranspiration losses are in the range of 22 to 26 inches (560 to 660 mm). Evapotranspiration losses are a function of temperature, wind, pressure, vegetal cover, availability of moisture, and other factors, and have less annual variability than precipitation or runoff. One aspect of the geographic variation in evapotranspiration across the Greater Pittsburgh region is shown in a map of mean-annual lake evaporation by Rahn (1973) , wherein the highest values are shown for Washington County and the lowest are for Butler, Armstrong, and Westmoreland Counties.
YEARLY VARIATIONS
There is a propensity to place extremes of natural phenomena in some frame of reference. To some, the drought period of the 19.30's is a climatological landmark. To a succeeding generation, and in 26 UPPER OHIO RIVER BASIN some areas, the dry mid-1960's is a more clearly remembered time. Wet years generally result from the accumulated effect of many individual storm events that are less well remembered.
To place each water year in perspective for the upper Ohio River basin, ratios of annual mean discharge to the average for the 30-year reference period were computed as illustrated in figure " 2. These ratios have been compiled in table 3 (in pocket) for each year of record for all long-term stations. They might be termed modular or normalized values of discharge or annual runoff, for they are percentages of average divided by 100. For example, the 1.19 ratio for the 1973 water year at station 1145 means that the discharge for that year was 119 percent of the 1941-70 average.
In order to extend the series of annual ratios, annual mean discharges for former gage sites on some streams were adjusted by a drainage-area ratio to approximate discharge of the drainage area at the current site. Eecords thus combined were noted in remarks on table 1.
The ratios for many individual years, particularly the drier years, are remarkably consistent over a considerable part of the basin, Avhich gives evidence to the relative climatic homogeneity of the region.
Observations of stage and discharge were made at a few sites in the basin before the turn of the century. Systematic and continuous collection of records having some semblance of basin wide coverage began in about 1910. Figure 4J shows the historic variation in number of stations in operation, considering only those stations which were continued in operation for more than about 25 years.
The basinwide average of the annual ratios for all stations in operation after 1910 is shown in figure 4/7. The sequence of average yearly ratios for the four principal subdivisions of the upper Ohio River basin is illustrated in figure 5 by plotting data given in table 4. Busby (1963) 
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UPPER OHIO RIVER BASIN above-normal runoff in the upper Ohio River basin ( fig. 4Z?) . The sequence of basimvide averages shows that 107'J was a moderately high runoff year; partly the result of "extra" runoff generated by Tropical Storm Agnes in June. Records for selected index stations indicate that above-normal runoff has persisted through the 1975 water year (U.S. Geological Survey and others, 1975, p. 20) . The cyclic trends of moving averages ( fig. 46/ ) are interesting, but the^ ,-lould not be considered as a forecasting mechanism.
Annual mean discharge differs considerably from year to year, as amply demonstrated by data for individual stations. Within table 3, ratios indicate a total range from about 30 percent of average (station 0980 in 1934) to 200 percent of average (station 0855 in 1928) . Distribution of the range in ratios for individual stations is summarized in figure 6 .
In general, total annual variability is greatest in Ohio River tributary basins below Pittsburgh, but there is no evident correlative characteristic. The range in ratios is least among some sites that seem to reflect attenuating effects of reservoir storage or large drainage area, but this observation is not consistently demonstrable.
